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Abstracl -- The Multi-angle Imaging SpectroRadiometer
(MISR)  will II y on the EOS-AMI spaeccraft,  and provide
global data sets with nine discrete view directions per scene.
q’hc instrument’s radiomctric  scale is achieved by usc of
detector standards. On-orbi4 photodiodm measure reflected
light from solar-illuminated deployable SpectraIon panels.
The cameras simultaneously view the panels, providing the
nwded calibration data inputs. Other calibration
methodologies include vicarious calibration and histogram
cquali~.ation,  Coefficients, as derivul  from the various
methods, are weighted to produce a single &termination  of
the gain and offset parameters. This process is rcpeawd at
monthly intervals to insure the calibration is maintained.
Routine product generation makes use of these calibration
cocfficicnls,  and also eorrcets  for instrument-dependent
errors in the radiance determination. These latter processi ng
steps include corrections for eamcra out-of-band response,
focal-plane sealtering, and dcttxlor-todetector  non-
uniformity of response. This paper reviews the MISR
standard radiomctric  product and the in-flight radiomctric
calibration and charactcrim[ion  plans.

EXPERIMENT OVERVIEW

I“hc Mulli-ang]c  Imaging Spcctro-Radiometer (MISR)
instrument is part of an Earth Observing System (EOS)
payload to bc launched in 1998. The purpose of MISR is to
sludy the ecology and climate of the Earlh through the
acquisition of systematic, global multi-angle imagery in
rvftecled sunlight. MISR will monitor top-of-atmosphere
and surface rcflectanccs  on a global basis, and will
charactcrim  the shorlwave  radiative properties of aerosols,
clouds, and surface sccncs.

‘1’hc MISR instrument consists of nine pushbroom
earncras. It takes about 7 minutes of flight time to observe
any given region at all nine view angles. The cameras arc
arranged with onc eamcra pointing toward the nadir
(designated An), onc bank of four cameras pointing in the
forward direction (designatul  Af, Bf, Cf, and Df in order of
increming  off-nadir angle), and one bank of four cameras
pointing in the aflward direction (designated Aa, Ba, Ca, and
Da). Images arc ttcquimd  with nominal view angles, relative
to the surface rcfcrcnee ellipsoid, of 0°, K%. 10, *45.6”,
i60.0°,and +70.5°. and Each camera uses four Charge-
Couplcd Device (CCD) line arrays in a single focal plane.
The line arrays eonsis[  of 1504 photoactive pixels. Each line
array is fillcrcd 10 provide onc of four MISR spcztrd  bands.

Ile spcztral  band shapes arc nominally gaussian,  with
bandcenters at 443, 555, 670, and 865 nm. MISR will
acquire images in each of its channels with spatial sampling
ranging from 275 m (250 m cross-track in the nadir) to 1.1
km (1.0 km cross-track in the nadir), depending on the on-
board pixel averaging mode used prior to transmission of the
data.

Ikh of MISR’S photoactive pixel clcmcnts, when
stimulauxl  with incident radiation, rcspcmds with
proportional output measured in digital counts. This
response is measured during calibration, and reported m the
best-fit gain and offset parameters. Gain is primarily a
function of the optics transmittance (having a strong ficld-
angle dcpcndcncz),  the filmr transrnittancc,  CCD quantum
efficiency, the amplification of the electronics and the
analog-to-digital conversion factor. Slight local deviations
in response are due to filk-x  pinholes or spatter sites, as well
as CCD site defects. Pixel response may change with time,
duc to contaminant polymcriTation and radiation-induced
efkts  to the lens and electronics, Because degradation is
anticipated, the radiomctric  rcspcmse is monitored routinely
during the mission. The quantization  and utilization of this
response in MISR radiomctric product generation is the
primary objective of the MISR in-flight radiomctric
calibration program.

Specifications require MISR to maintain absolute
radiomctric  aecuraey to within 3% (la confidcncc), for an
100% diffusely rcftcztivc  scene, throughout the mission life.
For a 5% secne, the rcquircmcnt  is to maintain 6% accuracy.
Pixel-to-pixel relative calibration requirements arc iO.5%
and i 1%, rcspcztivcly,  for these two stmes. Specifications
also exist for nonuniform secncs, polarization sensitivity,
and out-of-band rejxtion  (1 ).

RADIOMETRIC  PRODUCT GENERATION

During standard product generation, MISR will do a
series of processing steps termed radiance sealing and
radiance conditioning. ‘flrcse make usc of the sensor
radiomctric  calibration and scxmc-specific data, rmpectivcly,
Specifically, radiomctric  conditioning performs pixcl-to-
pixel nonuniformity of response corrections, point-spread-
function (PSF) dcconvolution,  and spectral corrections.
Radiance scaling and radiance conditioning arc MISR
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unique terms, but refer to the usage of otherwise
conventional processing mcthodologicsc

Radiance Scaling

The inverse process to calibration is the determination of
incidcnl radiance for a given camera DN value. This process
is termed radiance scxding.

For MISR, the best-fit to the radiomctric  (DN vs. 1,)
transfer curve has been obtainti by using a second-order
polynomial:

G#.2 + GIL + DNO = DN -DNV . (1)

where
● 1. is the sensor incident radiance [W m-2 sr-2 ~-]],
● DN is the digital number,
● G2, CJ1, and DNO arc bcsL fit parameters to the sensor

radiative transfer curve,  and
● DNV is the video offset voltage, unique for each line of
data, and measured by the ovcrclock pixels for that line.

It is noted that prior to data transmission, the MISR
system electronics square-root encode the output  of the
analog-lo-digital converters. Some loss in resolution at the
upper end of the dynamic range curve is sacrificed in favor
of a rcduccd data rate. The DN values in (1) have had this
square-root encoding rcvcrscd.  ‘1 ‘bus, the prcscncc of a
quadratic term in (1) is unrelated to this feature.

Preflight calibration has determined that, for the MISR
cameras, the CCD response is nearly linear, and the second
order coefficient is quite small. Inclusion of this term
improves the radiance retrieval at the lowest end of the
dctcdor  transfer curve.

Radiance Conversion

Pixel non-uniformity correction . . . is tk prcwss of adjusting
for instrument on-board pixel-averaging. As many as four
adjacent pixels may be averaged by the instmmcnt  prior to
data transmission. I?IC exact number will depend upon the
.sclcctcd camera configuration used during data acquisition.
The process of pixel averaging introduces a radiomctric
error in the data, depending on the magnitude of the gain
deviation among the pixels averaged, and the inhomogcneity
of the sccnc. This error exists because the hardware design
does not incorporate any adjustment for individual pixel
response diffcrcnms  before the data arc averaged.

Deviations in response across any four MISR pixels is
typically 3%. Under these conditions the radiomctric  error
would be less than 0.5% for extreme scene inhomogcncitics,

and no corrections arc necessary. However, for each array
there arc a dozen or so pixels which violate this uniformity
rcquircmcnl.

‘Ihc algorithm u.wd in this correction first estimates the
relative sccnc radiance incident on each pixel. MISR will be
continually operated with the red channel of each carncra
supplying unavcragcit  data. I’hc relative scene homogcnit  y
is assumed to be spectrally indcpcndcnt  in this algorithm.
With this information, and the pixel response cocfficicnts,  a
radiance adjustment can be made.
f’SF &convolution  . . . is a process that allows the racliancc
product to maintain awuracy  in the prcsencc  of high contrast
sccncs. During Enginczring Model testing several
uncxpeetcd  focal plane scattering phenomena were
characterized (2). At that time it was dctcrmincd  that
scattering from filler  spatter sites was the cause of larger
than anticipated out-of-band response. Additionally,
reflections bctwcxm the CCD and fihcr were observed. For
the tatter, a low-level scatter as far away a$ 30 pixels from
the geometric irnagc  point was observed. In convolving this
PSF with a “lake” sccnc,  radiomctric errors of 17% were
predicted. The lake was 24x24 pixels in sixc,  5’%0 in
reflectance, and surrounded by a land background of 50%
rcflcctancz.  The radiometry was compared using the center
8x8 pixels of the coJwolvcd and original targets. By using a
maximum likelihood algorithm, a simple  kernel  of 1x6
pixels in dimension was used to restore the original target.
Ilis  was done within a half-dmcn  iterations, producing a
scene meeting the 2% radiometric  error specification.
Spectral corrections . . . are USWI  to compute thc bimd-
wcighted radiancz  that a nominal filter passband would have.
measured, while viewing a given sccnc. The correction is in
two steps. First, the out-of-band response is subtracted using
the preflight spectral calibration data. The MISR band data
is used to approximate the sccnc  spectral shape in this
algorithm, S~.ondl y, a pawband of nominal center
wavelength and bandwidth is assumed. The radiance
rctricvcd from this idcalizwl  response function is compulcd.
This correction allows MISR IAWCI 2 (Scicncc Products) to
proccal  without consideration of the individual spwtral
response functions for each of the 1.504 detectors x 9 carncra
pixel elements.

Level 1 II 1 Radiance Product

The above processing slcps are used to produce the MISR
radiance product, tcnncd  the Level 1 B 1 Radiomctric
Product. processing occurs at the Distributed Active
Archive Center (DAAC),  and is done on every transmittcxt
image. Image co-registration and gcoloeation occurs at the
next level of processing and produces the Level 1 B2
Gcwrcctiticd  Radiance Product.
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Ancillary Radiomctric  Product

7’hc coefficients used in radiomctric  product generation
arc dcl ivcrcd to the DAAC in the form of the Ancillary
Radiomctric  Product (ARP). Also included in the ARP is
mdiance uncertainty, spectral and instantaneous ficld-of-
vicw (IFOV) information. The ARP is gcneralcd  at the
MISR Scicncc  Computing Facility (SCF). It is updated at
monthly intervals, or as needed to maintain the calibration of
the sensor.

IN-FLIGHT CALIBRATION

The Level lBI algorithm development, ARP generation,
and producl validation is the responsibility of the in-flight
radiomctric  calibration and charactcrizaiion  (lFRCC)  team,
which rcxsidcs  at NASA/ Jet Propulsion Laboratory (JPL).
The SCF processing facilities will be used to provide these
dclivcrablcs,  as WCII as routine characterization products and
reports.

I“hc in-flight calibration of MISR is provided by
combining coefficients dctcnnincd  from multiple
methodologies. A weighting schcmc  will facilitate this
process. Uncertainty analyses for each method, frequency of
data supplied for a given tcchniquc,  and data quality
indicators will be used in the weighting schcmc.  The
mclhodologics  involve the use of the On-Board Calibrator
(OIIC) hardware, an indcpcndcnt  vicarious determination,
and response prediction based  on trending analysis and
sccnc studies. Spatially and spectrally featureless targets are
used 10 establish the calibration response.

On-Board Calibrator

lhc OBC consists of a wavelength set of High-Quantum
Efficiency (}IQE) trapped photodioch,  and five wavelength
sets of radiation resistant PIN (p-i-n intrinsic layers)
photodiodcs.  Onc pin set is positioned on a goniomctcr,
which scans through the along-track camera view angles.
These detector standards arc used 10 measure the radiance
rcflectcd  from onc of two Spcctralon  calibration panels,

Monthly, MISR will be commandul  into Calibration
Mode. During this time the instrument will collect data over
oceans on the dark side of the orbit (CAL-DARK). These
data will monitor dark current spatial variability. Then, over
each pole in turn the Spcztralon  panels will be deployed to
calibrate the aftward viewing and nadir (CAI.-NORTH)  or
forward viewing and nadir (CAL-SOUTH) carncrtxs.  These
polar observations will COIIW1 light through a varying
atmospheric path through the earth’s limb to the Sun.

Atrnosphcric attenuation will allow calibration of the MISR
dcwctors  through a range of illumination conditions. ‘lIc
detector standards will be USWI  to measure the radiance as it
changes with time.

Vicarious Calibration

Vicarious calibration techniques can utilim data from 1)
high altitude sensor undcrflights,  2) surface radiance
observations, or 3) surface reflectance observations. ‘IIC
preferred approach, Method 1, will utilize a MISR simulator
which will fly on the ER-2 aircraft. At 20 km altitude,
AirMISR  will need little atmospheric corrections to produce
a measure of the top-of-atmosphere radiances. Method 2
utilizes a hemispherical scanning radiometer, PARABOLA
111, to measure surface-reflcctcxi radiances and downwclling
diffuse radiances. These arc propagated from surface to top-
of-atmosphere using a characterization of the atmospheric
state and a radiative transfer code. Method 3 has the
disadvantages of requklng a two-path radiance propagation
(Sun-to-surface and surface to sensor), and thcrcforc is the
least desirable. It is, however, the simplest to implement, as
PARABOLA data are referenced to a rcflcctancc  standard,
and no radiometer calibration is required.

Relative Adjustments

Following OBC and vicarious coefficient weighting, the
derived cocftlcicnts  arc next plotted in time against the other
month] y determinations. A trend analysis on these data is
done, and the smoothed parameters computed at the current
point in time. This is done in order to avoid abrupt changes
in the calibration coefficients. Ilis trend analysis is believed
to be mom representative of the wnsor response, which is
known to be highly stable on short time scales, and
otherwise cxpcctcd to degrade slowly with time. In addition,
histogram equalization  is used (3), as necessary, to rctinc the
pixel-to-pixel relative response values. Here, Earth-sccnc
data are used to produce a histogram of measured radiance
lcveks.  Using a large number of observations, each pixel

.)response is adjusted until the amp itudc of the histogram is
the same for each pixel. This-i/adjustment is made by using
a sliding window approach, correcting pixel responses from
first onc spatial zone, then another. This step process allows
pixels to be compared which have the same viewing
geometry, avoiding differences in atmospheric path and
surface bidirectional rcflcetance.,
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IN-FLIGHT CHARACTERIZATION ACKNOWLEDGMENT’S

.

Other lFRCC  responsibilities include the characterization The work described in this paper is being carried out by
of the sensor during flight. Characterization is the tic  Jet Propulsion Laboratory, California Institute of
mcasurcmcnt of the typical behavior of instrument Technology, under contract with the National Aeronautics
propcrlics  which may affect the accuracy or quality of its and Space Administration.
response or dcrivcxl data products. The in-flight
charactcri?ation  includes the determination of the
radiomctric errors for specific scene types, such as high
contrast sccncs,  and a variety of sccnc  spectral signature
types. Noise analysis will include the determination of
signal-to-noise ratio versus radiance input and a check for
the presence of coherent noise (that  of a fixed fnxycncy
pattcm).  Spectral stability will be investigated, to the extent
possible. Filter life-test sludics,  and correlation with
Moderate Resolution Imaging Spcctroradiometer  (MODIS)
filter stability determinations are the best data sources.

CALIBRATION INTEGRITY

Calibration integrity is the process of validating and
certifying the 1.1 II 1 product. Traceability of MISR data
produc~s is accomplished with the detector standards. These
arc usd through the prcfligh~  OBC, and vicarious
determinations of the sensor calibration. Radiomctric
verification will be provided by cross-comparisons with
MODIS and Systhme  Probatoire  d’Observation dc la Terre
(SPOT’) sensors, as WCN as with the routine analysis of MISR
imagery over desert sites.

The IFRCC team will also be rcsponsib]c  for the
dcvclopmcnt  of quality awc-ssmcnt  indicators for the Level
IB data.
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